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Abstract 
Thermal property is one of the most important properties of gas hydrate-bearing sediments (GHBS). In order to investigate the 
effect of hydrate formation thermal properties of GHBS on the gas production by depressurization with constant bottom-hole 
pressure and thermal stimulation, we estimated gas production from hydrates at the SH7 drilling site of the Shenhu Area. The 
hydrate accumulations in the Shenhu Area are similar to Class 3 deposits (involving only one layer of GHBS), and the 
overburden and underburden layers are assumed to be permeable. In this paper, a single vertical well, extending through the 
entire GHBS thickness, was designed for the numerical simulation by means of depressurization with constant bottom-hole 
pressure (3Mpa) and thermal stimulation ( 80 ºC) method. The simulation results indicate that hydrate dissociation has low 
sensitivity to rock grain specific heat and dry thermal conductivity of GHBS under this condition. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Geological Engineering Drilling Technology. 
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1. Introduction 
Gas hydrates are non-stoichiometry inclusion compounds which formed when small (<0.9nm) gas molecules 
(guest molecules) contact water (host molecules) under low temperature (typically<300K) and high pressure 
(typically >0.6MPa)[1]. Natural gas hydrates in geological systems involve mainly CH4, although hydrate-forming 
gases of thermogenic origin may also include CO2, H2S and N2 as guests. The estimated amount of gas in the 
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hydrate accumulations of the world greatly exceeds the volume of known conventional gas resources[2]. According 
to Klauda and Sandler[3], there was 74,400 Gt of CH4 trapped in hydrates buried in marine zone, which were three 
orders of magnitude larger than worldwide conventional natural gas reserves. Therefore, it is considered to be one of 
the most promising new energy. 
Currently, depressurization, thermal stimulation and the use of inhibitors are the three widely believed methods 
for hydrate dissociation[2, 4]. Depressurization is by lowering production pressure to a level lower than the hydration 
pressure at the prevailing temperature. Thermal stimulation is by raising temperature to above the hydration 
temperature at the prevailing pressure. The use of inhibitors (such as salts and alcohols) is through adding inhibitors 
to the system to shift the hydration pressure and temperature equilibrium and cause hydrate dissociation. According 
to the investigation[5], Combination of the three main dissociation methods may be necessary for long-term gas 
production, while pure thermal dissociation methods and/or inhibitor methods have relative high cost and limited 
effectiveness[6].  
In recent years, the rapid development of the simulation study of natural gas hydrate reservoirs can predict the 
potential for gas production from hydrate deposits. Therefore, more and more researchers commit to engage in the 
study of numerical simulation, and have achieved fruitful results. For example, research based on history matching 
simulation of the methane hydrate- bearing units C at the Mount Elbert prospect on the Alaska North Slope are 
carried out by Kurihara et al (2011). Subsequently, the numerical models replicating ‘‘Mount Elbert C2 zone like 
reservoir’’, ‘‘PBU L-Pad like reservoir (another methane hydrate- bearing lying to the south of the Mount Elbert 
prospect)’’ and ‘‘PBU L-Pad down dip like reservoir (another methane hydrate- bearing lying to the south of the 
Mount Elbert prospect) ’’ were constructed to analyze formation pressure test results. Moreover, according to the 
investigation of stratigraphically-bounded gas hydrate deposit at the Mount Elbert Gas Hydrate Stratigraphic Test 
Well [7], the horizontal wells increased gas production by almost two orders of magnitude than vertical wells, but the 
production remained low. And sensitivity analysis indicated that the initial deposit temperature was the most 
important factor determining production performance (and the most effective criterion for target selection) because 
it controled the sensible heat available to fuel dissociation. Based on the indications of hydrate presence in Shenhu 
Area of South China Sea, gas production from the Shenhu hydrates by means of depressurization and thermal 
stimulation method using a single horizontal well placed in the middle of the GHBS have been investigated by Li et 
al[8, 9]. Besides, a series of different numerical models based on the limited data were built by Zhang et al[10] and Su 
et al[11]. A general observation was that gas production was low and was burdened with significant water production, 
making the hydrate accumulations at the Shenhu Area unattractive production targets with current technology[8-10]. 
Meanwhile, the sensitivity analysis demonstrated the dependence of production on the level of depressurization, the 
initial hydrate saturation, the intrinsic permeability of GHBS, the overburden permeability of the water zones (WZs), 
the temperature of the well, the formation porosity, and the initial temperature of GHBS [10, 11].  
Although many scholars have carried out the sensitivity analysis, how thermal properties of GHBS affect the 
gas production by depressurization with constant bottom-hole pressure and thermal stimulation is studied very few. 
Therefore, this paper, taking the Shenhu hydrates as a case study, use Tough+Hydrate to simulate with a single 
vertical well at constant bottom-hole pressure and temperature and discuss the effect of thermal properties of GHBS 
on the gas production, which can provide guiding significance for the future. Note that the hierarchical geological 
model of hydrate reservoir is that the hydrate deposit is confined between a permeable overburden and a permeable 
underburden. Most of the data used herein are the measured data while the small part of the data are from the 
literatures[8, 9] that have been reported. 
2. Hydrates in the Shenhu Area 
The Shenhu Area is near the southeast of Shenhu Underwater Sandy Bench in the middle of the north slope of 
the South China Sea, between Xisha Trough and Dongsha Islands. Tectonically the research area is located in the 
Zhu II Depression, Pearl River Mouth Basin (Fig.. 1), which has been in the process of tectonic subsidence since the 
middle Miocene, creating good geological conditions for gas hydrate formation along with the high sedimentation 
rate[9-11]. Shenhu area has deposited thick sediments of 1000-7000 m with organic matter contents of 0.46-1.9%[12-14]. 
In May, 2007, gas hydrate samples have been collected at sites SH2, SH3 and SH7 during the scientific expedition 
conducted by the China Geological Survey in the Shenhu Area of northern South China Sea[15-17]. This is the first 
time that confirms that there is abundant hydrate in northern South China Sea, and the Shenhu is expected as a 
strategic area of gas hydrate exploitation in China. 
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Fig. 1 Location of Research Area, Shenhu Area, North Slope of South China Sea 
  According to in situ measurement of the geothermal gradient and the thermal conductivity of 19 sites, the heat 
flow in the Shenhu Area is 74.0–78.0 mW/m2. The geothermal gradient is 43.0–67.7 °C/km from the in situ 
temperature measurements at 5 drilling sites (including the site SH7 in this work) in the research area[18, 19]. The 
drilling results of hydrate deposits in the Shenhu Area measured via nonpressure and pressure Cores indicate that the 
hydrate deposits with the thickness from 10 m to 43 m are located about 155–229 meter below seafloor (mbsf). And 
the water depths of the hydrate deposits are from 1108 m to 1245 m. The sediment porosity and in situ salinity in the 
Shenhu Area measured via pressure cores are 33%–48% and 29.0–31.5 ppt, respectively. The temperature and 
salinity of seafloor are 3.3–3.7 °C and 32.8–33.4 ppt, respectively[18, 19].  
In this paper, our simulation object is focused on gas hydrate deposits of the site SH7. At site SH7, the sea floor 
is at an elevation of z=−1108 m, the hydrate layers with the thickness of 22 m are located about 155–177 meter 
below seafloor (mbsf), the geothermal gradient is 43.3 °C/km, and the sample is 99.2% CH4-hydrate in clayey 
sediments[18, 19]. It is well known that natural hydrate accumulations are divided into four main classes[5, 20-22]. 
Previous studies have indicated that the hydrate accumulations in Shenhu Area are variants of Class 3 deposits, 
involving permeable overburden and underburden layers. These unconfined deposits are considered “challenging” 
hydrates (CH) for gas production, as they are characterized by the absence of impermeable boundaries—typeCH-B 
in the terminology of Moridis et al.[23]— in addition to incidence in fine-textured sediments of low-permeability 
(type CH-k) such as silts and clays[19].  
 
3. Numerical Model 
3.1. Model parameters 
  For this numerical simulation study, we took the the site SH7 as an example to study hydrate formation thermal 
properties on the exploitation by selecting different rock grain specific heat and thermal conductivity of hydrate 
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formation (under desaturated condition). Based on the earlier studies[24-29] about different rock grain specific heat 
and thermal conductivity of hydrate formation, we selected several different sets of values (Table 1) to investigate 
both of them, respectively.  
Table 1  rock grain specific heat and heat conductivity (under desaturated condition) of hydrate formation 
Specific heat c (J/kg/k) 800 900 1000 
Dry thermal conductivity kΘRD (W/m/k)  0.6 0.8 1.0 1.2 
As above, the seafloor temperature is 3.7°C, the water salinity(mass fraction) is 3.05% , and the wet thermal 
conductivity of all formations are 3.1W/m/k at site SH7. The discrete hydrate saturations are up to 44% of the pore 
space and the rest is almost water. According to gas chromatography, the hydrate-forming gas is mainly CH4. Thus, 
the hydrate-forming gas is assumed to be 100% CH4 in this study. The system properties and initial conditions are 
shown in Table 2. The GHBS is 22 m thick, and overlain by a 30 m-thick permeable overburden and underlain by a 
30 m-thick permeable underburden, allowing fluid and heat flows through the boundaries. The geometry and 
configuration of the Class 3 system are shown in Fig. 2a. The well at the center of this cylindrical hydrate deposit 
had a radius rW=0.1 m. A no-flow boundary (of fluids and heat) was applied at the reservoir at radius rmax=80m. The 
30m overburden and underburden are sufficient to provide accurate estimates of heat transfer with the hydrate 
deposit[5, 20, 21]. Comparing with the 22m thick GHBS, 30m top and bottom open boundaries are also sufficient to 
allow accurate pressure transfer in the deposit. 
Table 2  Properties and conditions of the hydrate deposit at Site SH7 in Shenhu Area, South China Sea[9] 
Parameter Value 
Overburden thickness ZO 
GHBS thickness ZH 
Underburden thickness ZU 
Radius of the well assembly 
Initial pressure PB (at base of GHBS) 
Initial temperature TB (at base of GHBS) 
Initial saturation in the GHBS 
Gas composition 
Geothermal gradient 
Water salinity (mass fraction) 
Intrinsic permeability kx=ky=kz (all formations) 
Porosity ϕ (all formations) 
Grain density ρR (all formations) 
Wet thermal conductivity kΘRW (all formations) 
Composite thermal conductivity model[30, 31] 
Capillary pressure model[32] 
 
SirA 
λ 
P01 
Relative permeability model[31] 
 
 
n 
nG 
SirG 
SirA 
30m 
22m 
30m 
0.1m 
13.83Mpa 
287.31 K (14.15 °C) 
SH=0.44, SA=0.56 
100% CH4 
0.0433 K/m 
3.05% 
7.5×10–14m2 (=0.075 D) 
0.40 
2600 kg/m3 
3.1 W/m/K 
kΘC=kΘRD+(SA1/2+SH1/2)(kΘRW−kΘRD)+ϕSIkΘI 
 
Pcap=−P01 [(S*)−1/λ−1]1−λ 
S*=(SA−SirA)/(1−SirA) 
0.29 
0.45 
105Pa 
krA=( SA*)n, krG=(SG*)nG 
SA* =(SA−SirA)/(1−SirA), SG*=(SG−SirG)/(1−SirA) 
Original porous medium (OPM) 
3.572 
3.572  
0.05 
0.3 
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(a)                                     (b) 
Fig. 2 A Schematic of the Shenhu Hydrate Deposits and Well Design used in the Gas Production Simulated in This Study (modified from Moridis 
et al.[6] and Su et al.[11]) 
3.2. Domain discretization 
In the absence of some field data from the site, reasonable estimates of the media properties (considered 
representative of media similar to those of the general Shenhu lithology) were assumed (Table 1). The Cartesian 
coordinates were discretized into 121×200=24,200 elements, of which 23,815 were active (the remaining being 
boundary cells). The uppermost and lowermost layers which are inactive boundary cells corresponded to constant 
temperature and pressure.  
The discretization along the z axis is coarser in both the top of the overburden (z>-20 m) and the bottom of the 
underburden (z<−62 m), which is permissible in the region far from the HBL. The discretization along the z axis was 
subdivided into segments of Δz = 0.25 m including the HBL and the bottom of the overburden (z<-22 m) and the top 
of the underburden (z>−62 m). Such a fine discretization is important and enough for accurate predictions[5, 20, 21]. 
Because the vicinity of the wellbore (especially the r < 20 m zone) had been shown to be critically important to 
production[5, 20, 21], we used a very fine discretization along the r direction in this region. Assuming an equilibrium 
reaction of hydrate dissociation[31, 33, 34], this grid results in 23,815 (active cells)×4 (number of equations per 
cell)=95,260 coupled equations that are solved simultaneously. 
3.3. Initial Conditions 
The initial conditions in the reservoir by following the initialization process which was similar to that described 
by Moridis et al[35]. Based on the results of the temperature equilibrium test by the in situ measurement, the 
temperatures of the sample SH7B-FPWS1 (137 mbsf), SH7B-FPWS2 (180 mbsf) and SH7B-FPWS3 (196 mbsf) at 
site SH7 were 12.49 °C, 14.39 °C and 15.04 °C, respectively[18, 19], and the local geothermal gradient of the site SH7 
was about 43.3 °C/km[18, 36]. Therefore, the temperature distribution of the entire system including the temperature 
TB was determined. The initial temperature at the base of GHBS is 14.15 °C (see Table 2). The hydrate Pressure–
Temperature (P–T) equilibrium curve was then used to provide the lower limit of PB at that location (i.e., the 
equilibrium P). In this study, PB that is slightly higher than the corresponding equilibrium pressure is initialized as 
the pressure at the base of the GHBS, because such a system is easy to destabilize with mild depressurization or 
thermal stimulation. Assuming the pressure in the oceanic subsurface from the top to bottom of the entire system 
shown in Fig. 2a follows the hydrostatic distribution, we determine the initial P at the top and bottom boundaries (at 
z=−1233 m and z=−1315 m, respectively, Fig. 2a) using a P- and T-adjusted saline water density typical of ocean 
water (1035 kg/m3 at atmospheric pressure), from which the remaining information on the pressure distribution was 
obtained by means of a short simulation. 
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3.4. Well design 
A same configuration of well system is used in this study for the gas production from the Shenhu hydrate deposits. 
It is a modification of the well design used in the hydrate production research of Ulleung Basin and Shenhu area by 
Moridis et al[6] and Su et al[11], respectively. The perforated interval that extended through the entire GHBS thickness 
was heated and depressurized (Fig. 2b). This design has significant advantages[37]: the active production interval 
becomes progressively larger as hydrate dissociation advances, keff in the GHBS next to the well increases 
continuously, and milder pressure drops and lower gas velocities result. Furthermore, conatant temperature in the 
well PW>PQ (= P at the quadruple point) also can reduce cooling and the potential for secondary hydrate formation. 
Additionally, this well design promotes the evolution of a cylindrical interface of hydrate dissociation around the 
well, providing access to both the lower and the upper horizontal dissociation interfaces at the bottom and top of the 
hydrate body. To avoid the theoretically correct but computationally intensive solution of the Navier-Stokes equation, 
the wellbore flow is assumed to be Darcian flow through a pseudoporous medium describing the interior of the 
well[37]. This pseudo-medium had a ϕ = 1, a very high axial permeability k = 10-9-10-8 m2(=1,000-10,000 Darcies) 
along the z direction and radial permeability k = 10-12-10-11m2 (=1-10 Darcies) along the r-direction, and a capillary 
pressure Pc = 0. 
3.5. Dissociation methods 
Gas can be produced from hydrates by inducing dissociation using one of the three main dissociation 
methods[38](or combinations thereof): depressurization, thermal stimulation, and the use of inhibitors. Earlier 
studies[5, 20, 21] appear to indicate that depressurization is the most promising dissociation method (and possibly the 
only practical option) in the majority of hydrate deposits because of its simplicity, its technical and economic 
effectiveness, the fast response of hydrates to the rapidly propagating pressure wave, the near-incompressibility of 
water (which expands the volume over which depressurization is sensed by the GHBS), and the large heat capacity 
of water. The latter plays a significant role in providing part of the heat needed to support the strongly endothermic 
dissociation reaction as warmer water flows from the outer reaches of the formation toward the well[6]. Numerical 
studies have shown that the other dissociation methods enhance gas production when used in conjunction with 
depressurization[37], but tend to be ineffective when used as the main dissociation strategies[5]. 
Previous studies[5] have shown that constant pressure production is the recommended depressurization method for 
gas production from Class 3 deposits because (a) it is applicable to a wide range of formation permeabilities, (b) is 
uniquely suited to allow continuous rate increases to match increasing permeability (the result of the dissociation-
caused reduction in SH), and (c) may be the only reasonable alternative when SH is high. In this study, the 
depressurization with constant bottom-hole pressure and thermal stimulation (circulation hydrothermal) are used to 
produce gas from the hydrate deposits in the Shenhu area and discussed in the following part. 
4. Results and Disscusion 
4.1. Sensitivity to c 
The sensitivities of gas production and gas release to the sediment medium specific heat are illustrated in Fig. 3 
and Fig. 4. According to the simulation results, Fig. 3 shows the evolution of the Sh distribution when c takes 
different values with the same simulation time. Meanwhile, the effect of c on QcT, QcG and QR change versus time are 
shown in Fig. 4. Based on the analysis of the simulation results, we can draw a conclusion that under the conditions 
of the Shenhu hydrate deposits, a higher c does not lead to higher QcT, QcG and QR at the whole period of the 
production when using this gas production method. The reason may be due to using depressurization and thermal 
stimulation method, and pressure transfer is far greater than the temperature transmission. In addition, we assume 
that the production well with a constant pressure that is lower than the initial formation pressure. Consequently, 
plenty of water is poured into the production well, which further hinder the heat transmission to GHBS. Therefore, c 
has very weak effect on the production. 
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Fig. 3 Evolution of Hydrate Saturation SH during Production by Depressurization with Constant Bottom-hole Pressure and Thermal Stimulation 
with Different Sediment Medium Specific Heat at the Same Time 
 
 
Fig. 4 Evolution of QCT, QCG , and QR during Production from Single Vertical Well 
QCT= volumetric rate of CH4 production at the well with different c; QCG=volumetric rate of free gas produced at the well with different c; QR= 
volumetric rate of CH4 released from hydrate dissociation with different c 
Sensitivity to kΘRD. Gas production rate at the well (QDT and QDG) and the gas release rate from hydrate QR are not 
mainly depend on the dry thermal conductivity kΘRD under this condition (Fig. 5 and Fig. 6). Fig. 5 shows the effect 
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of dry thermal conductivity kΘRD on hydrate dissociation. From the figure, we can find that although hydrate 
formation is to take different values of the thermal conductivity, the amount of hydrate dissociation is almost the 
same. This cognizance is also supported by Fig. 6 that shows the effect of dry thermal conductivity kΘRD on QDT, 
QDG and QR. Based on the results, it is clear that all of them have low sensitivity to dry thermal conductivity kΘRD of 
hydrate sediment. These are because the gas production is mainly controlled by depressurization than thermal 
stimulation. Another reason is that heat transmission is retarded by water flow. 
 
 
kΘRD=0.6, t=30d kΘRD=0.8, t=30d 
kΘRD=0.8, t=180d kΘRD=1.0, t=180d 
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FFig.5 Evolution of Hydrate Saturation SH during Production by Depressurization with Constant Bottom-hole Pressure and Thermal Stimulation 
with Different Sediment Medium dry Thermal Conductivity at the Same Time 
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Fig.6 Evolution of QDT, QDG, and QR during Production from Single Vertical Well 
QDT= volumetric rate of CH4 production at the well with different kΘRD; QDG=volumetric rate of free gas produced at the well with different kΘRD; 
QR= volumetric rate of CH4 released from hydrate dissociation with different kΘRD 
5. Conclusions 
In this work, we investigated the gas production potential from marine gas hydrate deposits at site SH7 in the 
Shenhu Area of the South China Sea during the China Geological Survey in 2007. From the numerical simulation 
results, the following conclusion is drawn: Both the thermal conductivity of GHBS and rock grain specific heat have 
very few effect on the gas production from GHBS when using the designed production method. One reason is that 
heat transmission is retarded by the relative water flow. While the main reason is probably that the pressure 
propagation speed is much larger than the thermal transfer during production process, i.e., the gas recovery from 
GHBS main depends on the flow characteristic of GHBS such as porosity, permeability and pore pressure, so 
hydrate decomposition is pressure - oriented. 
20 40 60 80 100 120 140
0
500
1000
1500
2000
2500
3000
3500
4000
4500
5000
5500
6000
6500
7000
7500
8000
8500
9000
9500
10000
Time (d)
k
RD
=0.6, Q
DT
 
k
RD
=0.6, Q
DG
k
RD
=0.6, Q
R
 
k
RD
=0.8, Q
DT
 
k
RD
=0.8, Q
DG
 
k
RD
=0.8, Q
R
 
k
RD
=1.0, Q
DT
 
k
RD
=1.0, Q
DG
 
k
RD
=1.0, Q
R
 
k
RD
=1.2, Q
DT
 
k
RD
=1.2, Q
DG
 
k
RD
=1.2, Q
R
 
Q
D
T, 
Q
D
G
 ઼
 Q
R
 (m
3 /d
)
Q
R
Q
DT
Q
DG
5 10 15 20
4000
4500
5000
5500
6000 kRD=0.6, QDT  
k
RD
=0.6, Q
DG
k
RD
=0.6, Q
R
 
k
RD
=0.8, Q
DT
 
k
RD
=0.8, Q
DG
 
k
RD
=0.8, Q
R
 
k
RD
=1.0, Q
DT
 
k
RD
=1.0, Q
DG
 
k
RD
=1.0, Q
R
 
k
RD
=1.2, Q
DT
 
k
RD
=1.2, Q
DG
 
k
RD
=1.2, Q
R
 
Time (d)
Q
D
T, 
Q
D
G
 ઼
 Q
R
 (m
3 /d
) QR
Q
DT
Q
DG
kΘRD=1.0, t=90d kΘRD=1.2, t=90d 
Enlarger 
335 Jiang Guosheng et al. /  Procedia Engineering  73 ( 2014 )  326 – 336 
References 
[1] Dendy Sloan E. Clathrate hydrate measurements: microscopic, mesoscopic, and macroscopic[J]. The Journal of Chemical Thermodynamics. 
2003, 35(1): 41-53. 
[2]  Sloan ED. Clathrate Hydrates of Natural Gases[J]. 1998, 2nd. 
[3]  Klauda JB, Sandler SI. Global distribution of methane hydrate in ocean sediment[J]. Energy & Fuels. 2005, 19(2): 459-470. 
[4]  Moridis GJ, Collett TS, Dallimore SR et al. Numerical studies of gas production from several CH< sub> 4</sub> hydrate zones at the 
Mallik site, Mackenzie Delta, Canada[J]. Journal of petroleum science and engineering. 2004, 43(3): 219-238. 
[5]  Moridis G, Reagan M. Strategies for gas production from oceanic Class 3 hydrate accumulations. In: Offshore Technology Conference; 
2007; 2007. 
[6]  Moridis G, Reagan M, Kim S-J et al. Evaluation of the gas production potential of marine hydrate deposits in the Ulleung Basin of the 
Korean East Sea[J]. Spe Journal. 2009, 14(4): 759-781. 
[7]  Moridis G, Silpngarmlert S, Reagan M et al. Gas production from a cold, stratigraphically-bounded gas hydrate deposit at the Mount Elbert 
Gas Hydrate Stratigraphic Test Well, Alaska North Slope: Implications of uncertainties[J]. Marine and Petroleum Geology. 2011, 28(2): 
517-534. 
[8]  Li G, Moridis G, Zhang K et al. Evaluation of the Gas Production Potential of Marine Hydrate Deposits in the Shenhu Area of the South 
China Sea. In: Offshore Technology Conference; 2010; 2010. 
[9]  Li G, Moridis GJ, Zhang K et al. The use of huff and puff method in a single horizontal well in gas production from marine gas hydrate 
deposits in the Shenhu Area of South China Sea[J]. Journal of petroleum science and engineering. 2011, 77(1): 49-68. 
[10] Zhang K, Moridis G, Wu N et al. Evaluation of Alternative Horizontal Well Designs for Gas Production From Hydrate Deposits in the 
Shenhu Area, South China Sea. In: International Oil and Gas Conference and Exhibition in China; 2010; 2010. 
[11] Su Z, Moridis G, Zhang K et al. Numerical investigation of gas production strategy for the hydrate deposits in the Shenhu area. In: Paper 
OTC 20551, presented at the Offshore Technology Conference, Houston, Texas; 2010; 2010. 
[12] McDonnell S, Max M, Cherkis N et al. Tectono-sedimentary controls on the likelihood of gas hydrate occurrence near Taiwan[J]. Marine 
and Petroleum Geology. 2000, 17(8): 929-936. 
[13] Wang P, Prell W, Blum P. Ocean drilling program leg 184 scientific prospectus south China Sea, site 1144, 184[J]. Wang P, Prell WL, Blum 
P. Proceedings of the Ocean Drilling Program, Initial Reports, Ocean Drilling Program, College Station, TX. 2000, 184: 1-97. 
[14] Wu B-h, Zhang G-x, Zhu Y-h. Progress of gas hydrate investigation in China offshore[J]. Earth Science Frontiers. 2003, 10(1): 177-190. 
[15] Wu N, Yang S, Zhang H et al. Preliminary discussion on gas hydrate reservoir system of Shenhu Area, North Slope of South China Sea[J]. 
2008. 
[16] Wu N, Zhang H, Su X et al. High concentrations of hydrate in disseminated forms found in very fine-grained sediments of Shenhu area, 
South China Sea[J]. Terra Nostra. 2007, 1: 2. 
[17] Zhang H-q, Yang S-x, Wu N-y et al. Successful and surprising results for China's first gas hydrate drilling expedition[J]. Fire in the Ice 
Newsletter, Fall. 2007, 9. 
[18] Wu N, Yang S, Zhang H et al. Gas hydrate system of Shenhu area, northern South China Sea: Wire-line logging, geochemical results and 
preliminary resources estimates. In: Offshore Technology Conference; 2010; 2010. 
[19] Wu N-y, Zhang H-q, Yang S-x et al. Preliminary discussion on natural gas hydrate (NGH) reservoir system of Shenhu area, North slope of 
South China Sea[J]. Natural Gas Industry. 2007, 27(9): 1. 
[20] Moridis G, Kowalsky M, Pruess K. Depressurization-induced gas production from class-1 hydrate deposits[J]. SPE Reservoir Evaluation & 
Engineering. 2007, 10(5): 458-481. 
[21] Moridis G, Reagan M. Gas production from class 2 hydrate accumulations in the permafrost. In: SPE Annual Technical Conference and 
Exhibition; 2007; 2007. 
[22] Moridis GJ, Sloan ED. Gas production potential of disperse low-saturation hydrate accumulations in oceanic sediments[J]. Energy 
conversion and management. 2007, 48(6): 1834-1849. 
[23] Moridis GJ, Reagan MT, Boyle KL et al. Evaluation of the gas production potential of challenging hydrate deposits. In: TOUGH 
Symposium; 2009; 2009. 
[24] Chuvilin E, Buhanov B. CHANGE OF THERMAL CONDUCTIVITY OF GAS-SATURATED SEDIMENTS DURING HYDRATE 
FORMATION AND FREEZING[J]. Proceedings of the 7th International Conference on Gas Hydrates Edinburgh, Scotland, United 
Kingdom. 2011. 
[25] Cortes DD, Martin AI, Yun TS et al. Thermal conductivity of hydrate-bearing sediments[J]. Journal of Geophysical Research. 2009, 
114(B11): B11103. 
[26] Hadgu T, Lum CC, Bean JE. Determination of heat capacity of Yucca Mountain stratigraphic layers[J]. International Journal of Rock 
Mechanics and Mining Sciences. 2007, 44(7): 1022-1034. 
[27] Henninges J, Huenges E, Burkhardt H. In situ thermal conductivity of gas hydrate bearing sediments of the JAPEX/JNOC/GSC et al. 
Mallik 5L-38 well. In: Proceedings of the Fifth International Conference on Gas Hydrates, June 12-16, Tronheim, Norway; 2005; 2005. 
[28] Santamarina J, Francisca F, Yun T et al. Mechanical, thermal, and electrical properties of hydrate-bearing sediments. In: AAPG Hedberg 
Conference: Gas hydrates: Energy resource potential and associated geological hazards. AAPG, Vancouver, BC; 2004; 2004. 
[29] Waite W. Thermal conductivity measurements in porous mixtures of methane hydrate and quartz sand[J]. Geophysical Research Letters. 
2002, 29(24): 2229. 
[30] Moridis GJ, Seol Y, Kneafsey TJ. Studies of reaction kinetics of methane hydrate dissociation in porous media. In: Fifth International 
Conference on Gas Hydrates, Trondheim, Norway; 2005; 2005. 
[31] Moridis GJ, Kowalsky MB, Pruess K. TOUGH+ HYDRATE v1. 0 user’s manual: A code for the simulation of system behavior in hydrate-
bearing geologic media[J]. Report LBNL-00149E, Lawrence Berkeley National Laboratory, Berkeley, CA. 2008. 
[32] Van Genuchten MT. A closed-form equation for predicting the hydraulic conductivity of unsaturated soils[J]. Soil Science Society of 
America Journal. 1980, 44(5): 892-898. 
[33] Clarke M, Bishnoi P. Determination of the intrinsic rate of ethane gas hydrate decomposition[J]. Chemical Engineering Science. 2000, 
336   Jiang Guosheng et al. /  Procedia Engineering  73 ( 2014 )  326 – 336 
55(21): 4869-4883. 
[34] Kowalsky MB, Moridis GJ. Comparison of kinetic and equilibrium reaction models in simulating gas hydrate behavior in porous media[J]. 
Energy conversion and management. 2007, 48(6): 1850-1863. 
[35] Moridis G, Kowalsky M. Gas Production from Unconfined Class 2 Oceanic Hydrate Accumulations[J]. Economic Geology of Natural Gas 
Hydrate. 2006: 249-266. 
[36] Geotek field repork. “GMGS1: Measuring the concentration, nature, and distribution of gas hydrate”[J]. 12 June 2007. 
[37] Moridis GJ, Reagan, M.T. Gas Production From Oceanic Class 2 Hydrate Accumulations[J]. OTC 18866, 2007 Offshore Technology 
Conference. 30 April–3 May 2007. 
[38] Makogon IUF. Hydrates of hydrocarbons: Pennwell Corporation; 1997. 
 
 
  
